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ABSTRACT
Evidence from epidemiologic studies suggests a relation between the Mediterranean diet (MeDi) and cognitive function, but results are
inconsistent. Prior reviews have not provided pooled data from meta-analysis of longitudinal studies and randomized controlled trials (RCTs),
or they included younger adult participants. This systematic review and meta-analysis examines the impact of the MeDi on the cognitive
functioning of healthy older adults. Fifteen cohort studies with 41,492 participants and 2 RCTs with 309 and 162 participants in intervention and
control groups, respectively, were included. The primary outcome of interest was cognitive function, divided into domains of memory and
executive function. Meta-analysis of cohort studies revealed a significant association between MeDi and older adults’ episodic memory
(n = 25,369, r = 0.01, P = 0.03) and global cognition (n = 41,492, r = 0.05, P # 0.001), but not working memory (n = 1487, r = 0.007, P = 0.93) or
semantic memory (n = 1487, r = 0.08, P = 0.28). Meta-analysis of RCTs revealed that compared with controls, the MeDi improved delayed recall
(n = 429, P = 0.01), working memory (n = 566, P = 0.03), and global cognition (n = 429, P = 0.047), but not episodic memory (n = 566, P = 0.15),
immediate recall (n = 566, P = 0.17), paired associates (n = 429, P = 0.20), attention (n = 566, P = 0.69), processing speed (n = 566, P = 0.35), or verbal
fluency (n = 566, P = 0.12). The strongest evidence suggests a beneficial effect of the MeDi on older adults’ global cognition. This article discusses
the influence of study design and components of the MeDi on cognitive function and considers possible mechanisms. Adv Nutr 2017;8:571–86.
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Introduction
As a result of longer lifespans, there has been a substantial
increase in the prevalence of age-related cognitive decline
(1), commonly observed as a steady decline in episodic
memory and executive function (2). As decline approaches
impairment, it is associated with a concomitant impairment
in daily functioning (3) and an increased risk of incident de-
mentia (4). Interventions focused on lifestyle factors such
as a healthy diet could provide a cost-effective and practical
approach to reducing or slowing age-related cognitive de-
cline (5). The relative ease with which dietary interventions
could be implemented may therefore have profound impli-
cations on public health policy (6).
The Mediterranean diet (MeDi), reflecting the food pat-
terns of Greece and Southern Italy in the early 1960s (7),
was first described in the Seven Countries Study by Keys
et al. (8). Keys et al. reported that the MeDi was associated
with a reduced risk of mortality from ischemic heart disease
in particular, as well as cancers and other chronic diseases.
Subsequent research provided supportive evidence linking
the MeDi to a lower risk of mortality and improved health
outcomes (9, 10). The MeDi is characterized by a high intake
of vegetables, legumes, fruits, nuts, cereals, and olive oil but a
low intake of saturated lipids and meat, moderate intake of
fish, low to moderate intake of dairy products, and regular
but moderate intake of alcohol (usually wine). This dietary
pattern provides essential micronutrients, fibers, and other
plant foods believed to promote good health (7).
Numerous epidemiological studies have investigated the
relation between the MeDi and cognitive function. System-
atic reviews of epidemiological studies suggest that the MeDi
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is associated with a reduced risk of mild cognitive impair-
ment and dementia, including Alzheimer disease (AD) (9,
11–15), and a reduced decline in cognitive function, includ-
ing episodic memory and executive function (13–17). How-
ever, findings regarding the impact of the MeDi on the
cognitive health of older adults without cognitive impair-
ment remain inconsistent across reviews, which may be at-
tributable to a number of reasons. Previous reviews included
data from younger and older adults (16), included older
adults with cognitive impairment (14), considered dementia
and AD outcomes alongside cognitive function (13, 15), included
duplicate randomized controlled trial (RCT) data (16), or did
not include RCT data (12, 17). Although 3 meta-analyses ex-
amined the relation between the MeDi and the risk of mild
cognitive impairment (9, 11), cognitive impairment (18), and
AD (11), there is currently no published meta-analysis to our
knowledge that provides a quantitative measure of the associa-
tion between the MeDi and specific cognitive functions of
healthy older adults.
Our review updates the extant literature by examining
the association between the MeDi and the cognitive perfor-
mance of older adults without known cognitive impairment.
Specifically, a systematic review and meta-analysis was con-
ducted that included data from both RCTs and longitudinal
cohort studies to investigate the relation between the MeDi
and cognitive domains of memory (including recognition,
immediate recall, delayed recall, face-name recall, paired
associates, and semantic memory), executive function
(including working memory, verbal fluency, reasoning,
attention, and processing speed), and global cognitive
function.
Methods
Search strategy
We searched the PubMed, Cochrane Library, EMBASE, and Scopus data-
bases to identify RCTs and cohort studies written in English. Search terms
“Mediterranean diet” and “cognition” were used (search strategy with re-
sults, Supplemental Table 1). We supplemented database searches with
reference lists in review art, authors’ own files, and Google Scholar. We
screened titles and abstracts to exclude articles that did not meet inclusion
criteria. Full texts of remaining studies were then screened for eligibility by
2 independent reviewers. Disagreements were resolved through discussions
with our expert authors (study selection flowchart, Figure 1).
Selection criteria
We followed Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. Cohort studies and RCTs that investigated
the effects of theMeDi on the cognitive function of community-dwelling older
adults (aged$50 y) with no known cognitive impairment were included. We
excluded studies if participants had a diagnosis of any cardiovascular disease or
other serious medical, psychiatric, or neurological problems (Supplemental
Table 2). RCTs required $10 participants/condition to be included in the
review. Two independent reviewers assessed the risk of bias in individual
studies; the Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) instrument was used to assess risk of bias in cohort
studies (Supplemental Table 3), whereas guidelines outlined in Section
FIGURE 1 Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses flow diagram. RCT, randomized
controlled trial.
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8 of the Cochrane Handbook for Systematic Reviews of Interventions
were used to assess risk of bias in RCTs (Supplemental Table 4).
The primary outcome of interest was cognitive function, divided into
the domains of memory and executive function. As in prior reviews (19,
20), subcategories were created within each domain, depending on mea-
sures used across studies. Memory subcategory tests included recognition,
immediate recall, delayed recall, face-name recall, paired associates, and se-
mantic memory. Executive function subcategory tests included working
memory, verbal fluency, reasoning, attention, and processing speed. Com-
posite measures of episodic memory (e.g., immediate and delayed recall)
and executive function were also included. Global cognition was measured
using composite measures of cognitive function.
Statistical analysis
Data extraction was conducted by 2 independent reviewers and cross-
checked by a member of the expert panel. We used Comprehensive
Meta-Analysis (CMA) software version 3.0 (Biostat) to conduct the analy-
sis. For trials, the summary measure of treatment effect was the standard-
ized mean difference, which is the absolute mean difference divided by the
SD. The summary statistics required for each outcome were the number of
participants in the intervention and control groups at baseline and post-
test, the mean change from baseline, and the SD of the mean change. If
change-from-baseline scores were not provided, they were calculated using
baseline and posttest means and SDs. Change SDs were calculated assuming
zero correlation between the measures at baseline and follow-up. Although
this method may overestimate the SD of the change from baseline, it is a
conservative approach, which is preferable in a meta-analysis (21). For co-
hort studies, Pearson’s r correlation coefficient was chosen, with a positive
result indicating that the MeDi was associated with reduced cognitive de-
cline. All effect sizes were first converted to Fisher’s Z and then to r. Where
the predictor variable was continuous, unstandardized b values were stan-
dardized by dividing them by the SE where available. Where the SE was not
available, the P value was used to estimate correlation. Standardized b
values were converted to r by dividing them by the square root of the sample
size. Where the predictor variable was categorical, b values were entered
into CMA as either raw mean differences or as Cohen’s d as appropriate
and converted to Fisher’s Z. ORs were converted to Fisher’s Z in CMA
and then to r. Subgroups in cohort studies (e.g., tertiles of MeDi scores)
were combined.
Individual effect sizes were combined using the inverse variance
random-effects method (22). This was used to allow the incorporation
of heterogeneity among studies. Heterogeneity was examined using Q,
and any P value #0–10 was considered statistically significant (23). In-
consistency was examined using I2 and the following grades were ap-
plied: <25% (very low), 25 to <50% (low), 50 to <75% (moderate),
and $75% (large) (23). Multiple-publication bias was avoided by using
data from the most recently published study. Priority was given to out-
comes that were adjusted for covariates and that removed cognitively
impaired participants. For both meta-analyses of cognitive function,
multiple tests of the same cognitive domain from the same study were
collapsed into one effect size and subgroups were analyzed indepen-
dently as separate effect sizes. Small-study effects (publication bias,
etc.) were examined using funnel plots and the regression-intercept ap-
proach of Egger et al. (24), provided that there were$10 effect sizes (24,
25). To examine the effects of each result on the overall findings, out-
comes were analyzed having deleted each study from the model once.
Cumulative meta-analysis, ranked by year, was used to examine the ac-
cumulation of evidence over time (26). Sensitivity analyses were per-
formed to investigate the robustness of the results with regard to 1)
study factors (country or region, study length, age of sample, sex ratio,
education, and risk of bias), 2) test factors (MeDi assessment, cognitive
test used), and 3) analysis factors (whether covariates included age, sex,
education, race, vascular risk factors, physical activity, energy intake,
and removal of participants with dementia from baseline or analysis).
Categorical variables were examined using moderator analysis, pro-
vided that there were $3 outcomes/category; and continuous variables
were examined using meta-regression, provided that there were$4 out-
comes for analysis.
Results
Study characteristics
Fifteen cohort studies were eligible for inclusion (Table 1).
One study examined the same cohort as a later study and
was not included in quantitative analysis (41). The remaining
studies had 41,492 participants, with study lengths ranging
from 2 to 10.6 y (mean: 5.7 y). The MeDi was scored using
the methods of Trichopoulou et al. (28) in 8 studies, Panagio-
takos et al. (34) in 2 studies, and the Mediterranean–Dietary
Approaches to Stop Hypertension Trial diet intervention for
neurodegenerative delay (35) in 1 study and alternate methods
in 2 studies.
Two RCTs were eligible for inclusion, with 309 partici-
pants in the MeDi intervention groups and 162 in the con-
trol groups (Table 2). Participants in the experimental
group were typically advised on dietary changes. Supple-
mentary foods or vouchers were given or residential kitchen
staff members were advised on appropriate changes. Partic-
ipants in control groups were either advised on diet or given
vouchers. Compliance was assessed through biomarkers and
questionnaires. Both studies reported good compliance. One
study focused on participants at risk for cardiovascular dis-
ease but excluded those with cardiovascular disease and thus
was deemed eligible for inclusion.
Cohort studies
Meta-analysis revealed a significant association between the
MeDi and episodic memory (P = 0.03) and global cognition
(P < 0.001), but not working memory (P = 0.93) or semantic
memory (P = 0.28) (Figure 2, Table 3). There was statistically
significant heterogeneity for all 4 outcomes included in
the meta-analysis. Inconsistency was moderate for episodic
memory and large for global cognition, semantic memory,
and working memory. With each group deleted from the
model once, results remained the same across all deletions
for episodic memory and global cognition (Supplemental
Figure 1). Cumulative meta-analysis, ranked by year,
showed that episodic memory was not significantly asso-
ciated with the MeDi for all years examined, but global
cognition has been significantly associated with the MeDi
since 2011 (Table 4, Supplemental Figure 2). Analysis on
small study effects was conducted for global cognition
only. Qualitative analysis using a funnel plot demonstrated
moderate to no asymmetry (Supplemental Figure 3). Further
quantitative analysis with Egger’s test of the intercept found
statistically significant and thus potential small study effects.
No further analysis was conducted on semantic memory or
working memory because there were only 2 outcomes.
Meta-regression was used to examine study length, STROBE
risk of bias, age (mean and minimum), and sex (percentage
of women) for episodic memory (Supplemental Table 5).
None of the results were significant. Study length, STROBE
risk of bias, age (mean and minimum), sex (percentage of
women), and education (percentage of tertiary education)
were examined for global cognition (Supplemental Table
6). Only the result for STROBE risk of bias was significant
(P = 0.01). For global cognition, there were also sufficient
MeDi and older adults’ cognitive function 573
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data to examine country per region of the study, whether
dementia participants were removed from analysis, and
whether the following covariates were controlled for: race/
ethnicity, education (mean years and level), vascular factors,
BMI, and smoking. No result was significant (Supplemental
Table 7). There were insufficient data to examine variables
for the remaining outcomes of interest or the method used
to calculate MeDi score in moderator analysis. We examined
the pooled result for any method with $2 global cognition
outcomes. The pooled results for the methods of Trichopoulou
et al. (28) and Panagiotakos et al. (34) were each significant,
whereas the results for those using their own scoring method
were not.
In individual studies, significant associations were reported
between the MeDi and processing speed (P# 0.001) and rea-
soning (P = 0.002), but not attention (P = 0.56), verbal flu-
ency (P = 0.16), episodic memory (P = 0.24), immediate
recall (P = 0.34), or semantic memory (P = 0.28). Data
were not available for the remaining outcomes of interest
of recognition and face-name recall.
RCTs
Meta-analysis results revealed that compared with controls,
the MeDi group had significantly improved performance
on measures of delayed recall (P = 0.01), working mem-
ory (P = 0.03), and global cognition (P = 0.047). There
were no significant differences between groups on mea-
sures of episodic memory (P = 0.15), immediate recall
(P = 0.17), paired associates (P = 0.2), attention (P = 0.69),
processing speed (P = 0.35), or verbal fluency (P = 0.12) (Fig-
ure 3, Table 5). Data were not available for the remaining out-
comes of interest, including recognition, face-name recall,
reasoning, or semantic memory.
There was statistically significant heterogeneity for atten-
tion and episodic memory. Inconsistency was moderate for
attention and episodic memory, low for processing speed,
and very low for the remaining domains assessed. With
each group deleted from the model once, results remained
the same across all deletions for all domains assessed (Sup-
plemental Figure 4). Cumulative meta-analysis, ranked by
year, showed that episodic memory was significant before
2016 from 2015 and working memory has been significant
since 2015 (Supplemental Figure 5). Because of the small
number of trials available, no analysis was conducted on
small study effects. No further analysis on delayed recall,
global cognition, and paired associates was conducted be-
cause there were only 2 outcomes. There were insufficient
data to examine any moderators or covariates.
MeDi components
None of the trials examined the association between individ-
ual components of the MeDi with outcomes on cognitive
measures. However, 1 trial (44) examined the impact of 2 var-
iations of the diet in 2 clinical groups: one group was given
the MeDi with extra-virgin olive oil, and the other was given
the MeDi with mixed nuts. Significantly different results inTA
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favor of the extra-virgin olive oil group were reported for the
executive measure of attention (P = 0.02). Differences between
groups were not significant for delayed recall (P = 0.51), ep-
isodic memory (P = 0.87), global cognition (P = 0.46), imme-
diate recall (P = 0.54), paired associates (P = 0.81), processing
speed (P = 0.06), verbal fluency (P = 0.2), and working mem-
ory (P = 0.97).
Among cohort studies, 3 articles examined the associa-
tion of components of the MeDi with change in cognitive
function (27, 37, 38). Samieri et al. (37, 38) reported a
higher ratio of monounsaturated to saturated fats as being
associated with less decline in episodic memory and global
cognition (P # 0.05). Conversely, Cherbuin and Anstey
(27) reported a higher ratio of monounsaturated to satu-
rated fats as being significantly associated with greater de-
cline in global cognition (P = 0.008). Other components
significantly associated with reduced global cognitive
decline included higher intake of fish (P = 0.011) (27),
whole grains (P = 0.02) (37), and vegetables (P = 0.04)
(38). No other component of the MeDi examined, includ-
ing intake of alcohol, fruit, legumes, meat , or nuts, was asso-
ciated with global cognition (27, 37, 38) or episodic memory
(37, 38).
Discussion
This review examined the association in cohort studies
and RCTs of the MeDi with the cognitive function of older
adults without cognitive impairment. Although several meta-
analytic reviews on the MeDi and cognition have been pub-
lished, the current review differs in terms of the targeted
population (healthy older adults) and the included out-
comes (different domains of cognitive function). To our
knowledge, this is the first meta-analysis to provide a de-
tailed examination of the relation between the MeDi and
FIGURE 2 Forest plots for observational
studies showing plots for episodic
memory (A), global cognition (B), and
semantic memory (C).
TABLE 3 Mediterranean diet and cognitive function: main cohort results1
Variable
Studies,
n
Participants,
n r 95% CI Z P Q Q (P) I2, %
Attention 1 527 0.025 20.06, 0.11 0.58 0.56 0 .0.99 0
Episodic memory 5 25,369 0.015 20.01, 0.039 1.16 0.24 11.13 20.03 64.05
Global cognition 13 41,492 0.051 0.026, 0.077 3.95 ,0.001 91.7 ,0.001 85.82
Immediate recall 1 1177 0.029 20.03, 0.088 0.96 20.34 0 .0.99 0
Processing speed 1 960 0.146 0.079, 0.212 4.24 ,0.001 0 .0.99 0
Reasoning 1 960 0.107 0.039, 0.173 3.09 20.002 0 .0.99 0
Semantic memory 2 1487 0.076 20.062, 0.212 1.079 20.28 6.51 20.01 84.63
Verbal fluency 1 1177 0.043 20.016, 0.102 1.42 20.16 0 .0.99 0
Working memory 2 1487 0.007 20.15, 0.164 0.09 20.93 8.5 20.004 88.24
1 I2 , inconsistency; Q, heterogeneity; Z, z score.
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healthy older adults’ recognition, immediate recall, delayed re-
call, face-name recall, paired associates, semantic memory,
working memory, verbal fluency, reasoning, attention, process-
ing speed, and global cognitive function. Among cohort stud-
ies, there were sufficient data to pool results for episodic
memory, global cognition, semantic memory, and working
memory. Greater adherence to the MeDi was associated with
improved function onmeasures of global cognition only. How-
ever, results were not consistent across studies and there was
significant heterogeneity. Single results for attention, immedi-
ate recall, and verbal fluency were not significant, but effect
sizes for processing speed and reasoning reached significance.
Sensitivity analyses were conducted examining moderators
and covariates where possible; a significant association was
found between greater effect size and higher STROBE score
only. Among RCTs, the MeDi was associated with improved
delayed recall, global cognition, and working memory, but
not attention, episodic memory, immediate recall, paired as-
sociates, processing speed, or verbal fluency. Heterogeneity
was nonsignificant for delayed recall, global cognition, and
working memory with very low inconsistency. There were
insufficient data for moderator or meta-regression analysis.
Cohort studies
Across cohort studies, pooled analysis resulted in a significant
association between the MeDi and global cognition only, al-
though analysis of individual studies showed an association
between the MeDi and processing speed and reasoning. This
finding is somewhat surprising, given the conclusions of previ-
ous systematic reviews in this area (13–16). This may, however,
be explained by the inclusion of cross-sectional data in all other
reviews apart from one (14). For example, one included study
did not show an association between the MeDi and change
in global cognition and episodic memory; but secondary
analysis of the association of the MeDi with the mean score
of global cognitive function across 4 time points resulted
in a significant cross-sectional association (P < 0.005) (38).
We only included cohort studies that reported cognitive
change scores across time. Furthermore, there was con-
siderable heterogeneity and inconsistency for all pooled out-
comes, which we explored using sensitivity analysis but found
no possible explanations apart from a greater effect size for
global cognition in those studies with a lower risk of bias. Fac-
tors that may contribute to our findings are discussed in more
detail below.
RCTs
We found only 2 RCTs examining the effect of the MeDi on
the cognitive function of healthy older adults, thus making
any conclusions tentative. To our knowledge, this is the first
meta-analysis of RCTs using the MeDi as an intervention.
Meta-analysis of 9 pooled outcomes from these RCTs
showed significant improvement for the intervention groups
compared with controls on measures of delayed recall,
global cognition, and working memory. A previous system-
atic review reported that the MeDi was associated with im-
proved outcomes on tests of global cognition and executive
function (16). However, because of a lack of RCTs, these re-
sults were observed in single trials rather than in pooled
analyses. It should be noted that results for delayed recall
and global cognition, as well as 2 of the 3 results for working
memory, came from 2 intervention groups in the same trial
(44). This was the only study that reported significant
between-group differences. This discrepancy may be at-
tributable to differences in methodology or samples. This
study reported a median follow-up of 4.1 y, whereas the sec-
ond study was of shorter duration (6 mo) (43). It may take
longer-term adherence to the MeDi to observe any
changes in cognitive function similar to the impact of exer-
cise (20). There was a large difference in minimum age
(55 y compared with 65 y) between studies but mean age
was closer (66.8 y compared with 72.1 y), which may have im-
plications for the effectiveness of a dietary intervention,
particularly if the mechanisms (e.g., vascular mechanisms)
are age dependent. Previous reviews on cardiovascular
and cardiometabolic factors and cognitive decline suggest
an age-dependent association, particularly in midlife
(40–59 y), with a weaker association among those age
$75 y (45).
The results across both observational and RCT studies
consistently indicate that the MeDi benefits global cog-
nition. There were, however, differences between obser-
vational and RCT data in relation to the impact of the
MeDi on specific cognitive domains. Results from cohort
studies showed associations between the MeDi and pro-
cessing speed and reasoning, whereas RCTs reported that
the MeDi improved delayed recall, working memory, and
executive function compared with controls. These diver-
gent findings could simply be a result of the distinct study
designs and follow-up periods. It should be noted, how-
ever, that executive functions include processing speed,
working memory, and reasoning (46); although there
were some specific differences, both study designs consis-
tently report an association between the MeDi and some
aspect of executive function. Relatedly, outcome measures
used in included RCTs to measure “executive function”
(43) were included as measures of “working memory” in
cohort studies (40). Such variations in terms of reporting
TABLE 4 Mediterranean diet and cognitive function: results of further analysis for cohort studies1
Variable
Egger’s test of the intercept One study removed Cumulative analysis
b0
2 95% CI df P, 1-tailed Study Point difference, smallest to largest (%) Significant since
Episodic memory NA NA NA NA ND 0.028 (100) NS
Global cognition 2.17 0.98, 3.37 12 0.001 ND 0.017 (29.8) 2011
1 NA, not applicable; ND, no difference.
2 Intercept (results remained statistically significant when each study was deleted from the model).
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cognitive tests and domains measured may result in incor-
rect assumptions of inconsistent results. All of the studies
in this review included a measure of global cognition; how-
ever, only some measured either memory or executive func-
tion, and the specific ability area measured within each
subdomain varied largely across studies. Undoubtedly, greater
homogeneity across selected outcome measures would
help to address this issue. Further RCTs using similar cog-
nitive test batteries are needed to corroborate our findings
and to further explore possible reasons for differences in
outcomes. We outline several potential areas of interest
for future trials below.
FIGURE 3 Forest plots for randomized controlled
trials showing plots for attention (A), delayed recall
(B), episodic memory (C), global cognition (D),
immediate recall (E), paired associates (F), processing
speed (G), verbal fluency (H), and working memory (I).
CG, control group; EG, experimental group; MD,
Mediterranean Diet; N, nuts; OO, olive oil.
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MeDi components
Only a small number of cohort studies performed secondary
analysis examining the association between components
of the MeDi with cognitive function (27, 37, 38). Although
all results for ratios of monounsaturated to saturated fats
were significant, they were contradictory, possibly because
of differences in geographic location. Interestingly, one of
the included RCTs examined whether supplementation
with extra-virgin olive oil would affect outcomes (44). Re-
sults showed that compared with controls, the MeDi plus ol-
ive oil group showed significantly greater improvements to
memory and executive function. There was no significant
difference for another intervention group in the same trial,
which had the MeDi supplemented with mixed nuts. This
is consistent with other studies that have examined the effects
of olive oil and mono- and polyunsaturated fats on age-
related cognitive changes in memory, executive function,
and global cognition (47–49). Furthermore, in cohort stud-
ies, higher intake of fish and vegetables was also significantly
associated with reduced cognitive decline. Other studies ex-
amining these individual components support this finding
(50–53). No other components of the MeDi were reported
to have a significant association with cognitive function.
Specific MeDi components, rather than the overall pat-
tern, may be beneficial for cognitive function. Thus, ex-
amining the association between dietary patterns and
cognition, rather than individual components, may con-
tribute to inconsistency in results and mask effects on brain
health. However, these conclusions are limited, because no
RCTs to date have examined the association of MeDi compo-
nents with cognition.
Possible mechanisms
The MeDi provides a rich source of antioxidants, vitamins,
and unsaturated FAs that may affect possible biological
mechanisms of neurocognitive aging (54–56). These mecha-
nismsmight include better neurovascular health (57) or a reduc-
tion of oxidative stress, metabolic factors, or reduced chronic
inflammation (56, 58).
There is epidemiological evidence of reduced levels of in-
flammatory and oxidative markers and a reduced risk of car-
diodiabesity with greater conformity to the MeDi (59, 60).
Support for a vascular mechanism comes from neuroimaging
studies, including the North Manhattan Study, which re-
ported a beneficial impact of the MeDi on white matter hy-
perintensities (61), and the Bordeaux Three-City Study of
146 participants, which reported an association between the
MeDi and preserved white matter microstructure and struc-
tural connectivity, related to improved episodic memory,
executive function, and global cognition (62). Further sup-
port favoring improved cognition through vascular mech-
anisms comes from a New York study, which reported that
higher adherence of 707 elderly people to the MeDi was
associated with reduced cerebrovascular disease burden
(63), and from the PREDIMED study, which reported
an association between the MeDi and stroke prevention
(64).
Promotion of cerebrovascular health through a MeDi
may facilitate more efficient clearance of amyloid b from
the brain (65, 66). Interestingly, our moderator analysis
found no significant differences in effect size for global cog-
nition between those that controlled for vascular factors and
those that did not among cohort studies. This is consistent
with a neuroimaging study by Scarmeas et al. (58), who
found no evidence for a vascular mediation between MeDi
with AD outcome, an association that they reported as
significant. Further support for nonvascular mechanisms
of brain protection by the MeDi comes from ancillary
analyses of the PREDIMED cohort, in which the MeDi
was associated with a reduction in depression and in-
creased levels of circulating brain-derived neurotrophic
factor (44).
Neuroimaging research examining components of the
MeDi reports that higher fish intake and lower meat in-
take were linked with higher total brain, gray matter, and
white matter volume (67). In addition, low consumption
of meat and meat products was linked to better global cog-
nition and greater total brain volume (68). Conversely, a re-
cent study examining the MeDi and structural brain changes
in a Scottish cohort of 73- to 76-y-olds failed to repli-
cate previously reported associations between meat and
fish consumption and total brain or gray matter volume
(69). Luciano et al. (69) considered the possibility that the
discrepant findings might be explained by variations in the
quantity and type of meat and fish consumed across studies.
Most MeDi studies employ self-report FFQs, which often
TABLE 5 Mediterranean diet and cognitive function: main randomized controlled trial results1
Variable
Study or
subgroup, n Participants2, n X 95% CI Z P Q Q (P) I2, %
Attention 3 566 20.06 20.036, 0.24 20.4 20.69 6.3 20.04 68.23
Delayed recall 2 429 0.26 0.07, 0.45 2.63 20.01 0.35 20.55 0.0
Episodic memory 3 566 0.19 20.07, 0.45 1.42 20.15 4.75 20.09 57.85
Global cognition 2 429 0.19 0.003, 0.39 1.99 20.047 0.54 20.46 0.0
Immediate recall 3 566 0.12 20.05, 0.28 1.39 20.17 1.96 20.38 0.0
Paired associates 2 429 0.13 20.07, 0.32 1.29 20.2 0.06 20.81 0.0
Processing speed 3 566 20.11 20.34, 0.12 20.93 20.35 3.87 20.15 48.28
Verbal fluency 3 566 20.1 20.27, 0.06 21.2 20.23 1.71 20.43 0.0
Working memory 3 566 0.19 0.02, 0.36 2.24 20.03 1.26 20.53 0.0
1 One subgroup was included for Knight et al. (43) and 2 subgroups were included for Valls-Pedret et al. (44). I2 , inconsistency; Q, heterogeneity; X , standard difference in means;
Z, z score.
2 The total number of participants refers to the sum of participants for each included effect size.
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exclude descriptions of the distribution of meat consump-
tion (65–67). FFQs are also largely subjective and are there-
fore at risk of differential reporting regarding actual dietary
practices. The availability of different types of food in
different regions may affect study results (70), and country-
specific lifestyles might lead to misclassification regarding
adherence to the MeDi (71). An examination of studies con-
ducted in traditional Mediterranean countries would be
beneficial, because elderly populations living in Mediterra-
nean countries are more likely to adhere to a homogenous
and strict MeDi (72, 73).
Limitations
A substantial problem in using the meta-analytic approach
is the heterogeneity in methodology, population, and out-
come measurement between studies. We attempted to min-
imize this by rigorous selection criteria, data preparation
(e.g., allocation of tests to appropriate cognitive domains),
and planned extensive sensitivity analyses. Typically, a limi-
tation of meta-analysis of cognition in cohort studies is that
causal effects cannot be inferred from correlations, but we
also conducted a meta-analysis of RCTs to examine possi-
ble causal effects on cognition. However, the small number
of RCTs retrieved from our search is a limitation. We only
included published data, thus running the risk of overesti-
mating intervention effects; however, one of the included
trials was published despite no evidence for any interven-
tion effect in any of the cognitive outcomes assessed.
Conclusions and recommendations
The analysis of pooled data from 15 cohort studies and 2
RCTs suggests that adherence to the MeDi might benefit
global cognition for healthy older adults. Results also
showed evidence of some benefit of the MeDi in domains
of delayed recall, working memory, processing speed, and
reasoning. Some clear limitations provided guidelines for
future studies; future RCTs should consider including older
adults from a broad age range, particularly middle-aged (>50 y)
and older (>75 y) adults, to examine differences in the impact
of the MeDi owing to any possible age-dependent associa-
tions. Our sensitivity analysis of cohort studies showed no
effects for mean or minimum age on episodic memory or
global cognition. However, the lowest mean age among
our included cohort studies was 61.9 y, which may be too
late to detect any age differences in rate of cognitive decline.
Future observational studies and trials should examine
the influence of individual components of the MeDi with
cognitive outcomes. Our review indicates that only some
components, including olive oil, fish, and vegetables, have
beneficial effects. Standardization of study protocol and out-
come measurement would be beneficial. Because it may
take a long-term intervention to observe changes or mainte-
nance effects in cognition, future RCTs should consider an
intervention term of $2 y. Studies examining the impact
of the MeDi on biomarkers that reflect inflammation
would give further insight into any potential mechanism
underpinning the effects of the MeDi on cognition. This
would guide future trials taking a multitherapeutic ap-
proach to enhance modification of these mechanisms
(i.e., an intervention using the MeDi in conjunction with
exercise) (74).
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